Three flexible α, ω-bis(5,6-dimethylbenzimidazolyl)alkane ligands with different spacers were reacted with CdX 2 (X = Cl, Br, I) hydrothermally, resulting in three coordination archi-
Introduction
The construction of coordination polymers and networks by self-assembly of organic ligands and appropriate metal ions is a rapidly growing area of research, not only for their remarkable potential applications in luminescence, redox activity and magnetism, but also for their intriguing variety of molecular architectures and topologies [1 -7] . As for organic ligands, variable molecular backbones and functional groups promote the adjustable assembly of coordination polymer networks. Among the N-donor ligands with multidentate systems, flexible α, ω-bis(benzimidazolyl)alkane ligands have proved to be useful ligands for metal ions, due to their reactivity and adaptability in the stabilization of diverse structures and with versatile biological activity [8 -17] . The organic spacers play a role in the structural tuning of the resulting polymers. The spatially extended directionality and the conformational preference provided by the ligands containing alkyl spacers can result in a remarkable class of polymers with diverse architectures and functions [18, 19] .
Among the series of benzimidazole derivatives, the most prominent compound is 5,6-dimethylbenzimidazole, which serves as an axial ligand for cobalt in vitamin B 12 [20] . Herein, we use a series of α, ω-bis(5,6-dimethylbenzimidazolyl)alkanes as flexible bridging ligands which can provide more information on the influence of methyl substituents on the structures and properties of the resulting complexes. This type of coordination polymers have only been scarcely studied [21 -25] .
Results and Discussion
The crystal and molecular structures of complexes 1-3 were determined. Table 1 summarizes the crystallographic data and experimental details of data collection and structure refinement. Selected bond lengths and angles for 1-3 are listed in Table 2 .
Crystal structure of [CdI 2 (L 1 )] n (1)
Single-crystal structure analysis shows that 1 crystallizes in the monoclinic space group P2 1 /c with c 2012 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com 
Crystal structure of [CdBr 2 (L 2 )] n (2)
Complex 2 crystallizes in the monoclinic space group P2 1 /c with Z = 4. The independent unit consists of one Cd(II) atom, two bromine atoms and one ligand L 2 . The coordination environment of the Cd(II) atom is shown in Fig. 2a . Each Cd(II) atom is four-fold coordinated by two bromine atoms (Br1 and Br2) and two nitrogen atoms (N1 and N3) from two ligands L 2 , with the distances Cd−Br = 2.5158(9) and 2.5398(10)Å and Cd−N = 2.232(4) and 2.240(4)Å. The cis- coordination bond angles range from 100.80(13) to 124.76(4) • , showing distortion of the tetrahedral geometry in 2, all in the normal range for related complexes [8] .
In 2, the ligand L 2 is bridging in a bis-monodentate fashion, adopting a cis-trans conformation. Different from 1, the dihedral angle between the mean-planes of the two benzimidazole rings of L 2 is 86.03 • . Each ligand L 2 connects neighboring CdBr 2 units to form a helical chain as shown in Fig. 2b . The distance between two adjacent Cd atoms is 11.3482(6)Å. These chains are further extended into a 3D supramolecular framework through two kinds of π−π stacking interactions, in which the centroid-to-centroid distances are 3.696(3)Å (benzene-imidazole), and 3.472(3)Å (imidazole-imidazole), as shown in Fig. 2c . 
Crystal structure of Cd 2 Cl 4 (L 3 ) 2 (3)
Complex 3 exhibits a dinuclear structure. The asymmetric unit of 3 contains one Cd(II) atom, two chlorine atoms and one ligand L 3 . As shown in Fig. 3 , the dinuclear complex forms a 26-membered metallomacrocycle with crystallographically imposed centrosymmetry (monoclinic space group P2 1 /n with Z = 2). The Cd(II) atoms are four-fold coordinated by two chlorine atoms (Cl1 and Cl2) and two nitrogen atoms (N1 and N3) from two distinct ligands L 3 , showing a distorted tetrahedral geometry. The Cd-N and Cd-Cl bond lengths are 2.244(3), 2.261(3), 2.4193(11), and 2.4283(11)Å, respectively. The corresponding bond angles are be- tween 100.92(9) and 120. 16(4) • , all in the normal range for related complexes [8] . In 3, the ligand L 3 is bridging in a bis-monodentate fashion, and the dihedral angle between the mean-planes of two benzimidazole rings is 79.55 • . It adopts a trans conformation and connects two neighboring CdCl 2 units to form the 26-membered metallomacrocycle with a distance of 10.5045(5)Å between the two Cd(II) atoms.
Structural comparison of 1-4
Three Cd(II) complexes have been obtained using three structurally related ligands with different spacer lengths [-(CH 2 ) n -, n = 3, 5, 6]. Another similar complex [CdCl 2 (L 1 )] n (4; see Scheme 1) has been previously reported by our group [26] . In 1-4, the X (X = Cl, Br, I) atoms are terminal ligands, and the flexible bis(5,6-dimethylbenzimidazolyl) ligands adopt a bis-monodentate coordination mode but with different conformations (Scheme 1). Different dihedral angles between two benzimidazole rings in the same flexible ligand and long Cd···Cd distances were observed in these complexes. With increasing length of the ligand spacer, the flexibility of L 3 is growing significantly, and its shape becomes curved. The Cd···Cd distance in 3 is 10.5045(5)Å, which is even shorter than that in 1 and 4 bridged by the shortest spacer L 1 (10. of strong π−π stacking interactions, 1 and 2 are further extended to 2D and 3D supramolecular structures, respectively. These π−π stacking interactions help to stabilize the crystal structure [27] . Accordingly, the spacer length of flexible ligands and the supramolecular interactions play an important role in the construction of coordination architectures.
IR spectroscopy
The strong bands at 1510 cm −1 in 1, 2 and 3 can be assigned to the ν( C=N) absorption in the imidazole ring. The presence of bands at 3080 and 2930 cm −1 for 1, 3100 and 2940 cm −1 for 2, and 3100 and 2930 cm −1 for 3, can be considered as ν(C-H) of -CH 3 and -CH 2 -of bis(5,6-dimethylbenzimidazole) ligands.
Thermal properties
Thermogravimetric analyses were performed to assess the thermal stabilities of 1-3. The TG curves indicate that the three complexes have excellent thermal stability: 1 and 3 were stable up to 365 • C, and 2 did not collapse up to 405 • C.
Fluorescence properties
The fluorescence properties of 1-3 and their free ligands L 1 -L 3 were studied in the solid state at room temperature (Fig. 4a-c) . The ligands all show intense emissions at 370 ± 5 nm upon excitation at 320 nm. Complex 1 shows an emission band at 312 nm upon excitation at 280 nm compared to 372 nm for 2 and 355 nm for 3 upon excitation at 320 nm. Compared with their corresponding free ligands, the emission peaks are blue-shifted 56 nm for 1, and 11 nm for 3, which may be due to the ligand-to-metal charge transfer (LMCT) [23, 28 -30] . Such an emission of 2 can be tentatively assigned to the intraligand transition of the ligand L 2 [372 nm (λ ex = 320 nm)] since a similar emission was observed for the free ligand [31] .
Conclusion
Three Cd(II) complexes based on flexible α, ω-bis(benzimidazolyl)alkanes have been synthesized hydrothermally. Structure analysis has indicated that the spacer length of flexible ligands and the supramolecular interactions play an important role in the formation of the different architectures. The TG study revealed that 1-3 are stable up to nearly 400 • C. In addition, they all are fluorescent in the solid state.
Experimental Section

Materials and general methods
All reagents were from commercial sources and of analytical grade and used without further purification. The ligands L 1 -L 3 were prepared according to literature methods [32] . Elemental analyses were obtained on a Perkin-Elmer automatic analyzer. IR spectra were recorded on a Nicolet FT-IR Avatar 360 spectrophotometer in the 4000 -400 cm −1 region using KBr pellets. The TG measurements were carried out on a Netzsch TG 209 thermal analyzer from room temperature to 800 • C under N 2 with a heating rate of 10 • C min −1 . The fluorescence spectra were performed with a Hitachi F-7000 fluorescence spectrophotometer at room temperature.
Synthesis of [CdI 2 (L 1 )] n (1)
A mixture of Cd(NO 3 
Synthesis of [CdBr 2 (L 2 )] n (2)
The reaction was carried out with a method similar to that for 1, using KBr (11.9 mg, 0.1 mmol) and L 2 (18. 
Synthesis of Cd 2 Cl 4 (L 3 ) 2 (3)
The reaction was carried out with a method similar to that for 1 using a mixture of CdCl 2 ·1. 
Crystal structure determinations
Single crystals suitable for the X-ray measurements of complexes 1-3 were mounted on glass fibers with an epoxy cement. The data collections were carried out on a Bruker Smart 1000 CCD diffractometer with graphitemonochromatized Mo K α radiation (λ = 0.71073Å) with ω-2θ scans at 298 K. Absorption corrections were applied using the program SADABS [33] . The structures were solved by Direct Methods and refined by full-matrix least-squares using the Bruker SHELXTL program package [34] . All nonhydrogen atoms were refined with anisotropic displacement parameters. Hydrogen atoms of water were located in difference Fourier maps, while other hydrogen atoms were included in calculated positions and refined with isotropic displacement parameters riding on the corresponding parent atoms. The crystal size of 1 was small, and the crystal was not of good quality which resulted in a large wR2 parameter. The final difference Fourier maps were essentially flat. A residual electron-density peak is located near the I2 atom in 1, but this peak could not be modelled as a disordered iodine position. Thus it may be caused by absorption artefacts or series termination errors. Crystallographic data are summarized in Table 1 . Selected bond lengths and angles for 1-3 are listed in Table 2 .
CCDC 870437 -870439 contain the supplementary crystallographic data for this paper. These data can be obtained free of charge from The Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data request/cif.
